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Pawr и. Тик ACTION ок THE OILS IN Aqueous DILUTIONS. 


By В. Сккс-Хмген, Ю.м. Mactksy DACTERIOLOGIST TO THE 
MOCIETY. 


(With seven "Text-figures). 


In Part i. of this contribution, I dealt with the germicidal 
activity of the Eucalyptus oils when dissolved in a neutral oil 
such as olive oil, and it was shown that under such conditions they 
were poor disinfectants. Тһе phenol-coefficients, against АД. coli 
communis at 20° for two hours, ranged from 0-4 with the oils of 
Е. lineuris, E. cinerea, rect, and Е. uustraliuna, crude, 3rd hour, 
down to 0:07 with cineol and the oil of Ж. polybractea. 

Тп this paper, an examination has been made of their germi- 
cida] powers when in aqueous dilution. 

Tt is a difficult matter to determine the real, hygienic or 
economie value of a disinfectant, for so much depends upon the 
material in which the bacteria are contained. They may be sus- 
pended 11 blood, pus, sputum, urine, sewage, water, trade waste, 
etc., all of which have variable influences in absorbing or render- 
ing inert the disinfectant. The proteids and fat are among the 
most active destroyers of the disinfectants, апа in considering 
their virtues the nature of the bacterial menstruum or, as it is 
called, their environment, has to be taken into account. The 
coal tar produets, for example, have their powers seriously reduced 
by fat, in which they are more soluble than in water, while the 
metallic disinfectants, such as mereurie chloride, are weakened 
by proteids with which they form compounds. Тһе oxidising 
disinfectants are more or less used up in oxidising the organic 
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matter of the environment. Tt is, therefore, evident that a com- 
mon medium must be employed when a comparison is desired, 
and the Rideal-Walker test is that which is generally used, Іп 
it, the activity of the disinfectant is not interfered with, and 
although the test has its weaknesses, it has been very useful in 
giving us some idea of the value of disinfectants in the absence 
of organic matter. The test is easy to do, and it should give 
approximately similar results when made by different workers. 

The Eucalyptus oils are partly soluble in water and partly 
emulsified, much depending upon the oil and upon the quantity 
of water. Cineol or Eucalyptol, the chief constituent of many 
of the oils, is soluble in about 300 parts of water, while the other 
constituents are so insoluble that many give opalescent dilutions 
with 2,000 parts of water. Their power of forming emulsions is 
probably of value, for, as I think Martin has pointed out, the 
adsorption by bacteria from emulsions is greater* than from 
solutions, and the adsorption is the first step in the destruction 
of bacteria by disinfectants. 

In preparing the dilutions of the oils, two methods were 
employed—the mass and the droplet methods. In the first, а 
certain weight of oil was shaken with a calculated quantity of 
water, usually 199 times the weight of the oil, and from this 
strong emulsion the weaker dilutions were made by adding the 
requisite quantities of water. In working with the oils, one is 
struck with the tenacity with which they adhere to the glass of 
the flasks and pipettes, and with the idea of minimising any 
irregularity rising from this phenomenon, the droplet method 
was used as an alternative. One point in favour of the droplet 
method is that, when only small quantities of the oil are avail- 
able, there is very little waste. А capillary pipette was made 
and kept for dropping. Each oil under examination was tested 
daily or weekly, aceording to the laboratory temperature, by 


* “Adsorption undoubtedly plays a large part in many forms of disin- 
fection, and confers upon emulsions, as eontrasted with solutions, con- 
siderable advantages." Somerville, Cantor Leetures, 1915. Ноу. Бос. of 
Arts. 
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weighing 30 drops diseliarged from the pipette while held verti- 
cally. Three weighings were made, and as these never varied 
from a milligram or two, the weight of an average droplet was 
obtained. Тһе volume of water necessary to make about 10 c.c. 
of the required dilution was pipetted into a wide-mouthed ounce 
bottle, and the requisite number of drops of oil were added. Тһе 
bottle was corked and shaken 300 times at intervals and finally 
before the abstraction of 2 с.е. This quantity was pipetted into 
a small tube, 5 x 5 inches, a drop* of a 20 hours’ broth culture 
of 2. coli communis was added, and the tube was put into a 
water-bath at 20^ for tlie allotted time. 

Ас certain intervals the dilutions were shaken and a small 
quantity withdrawn from each by means of a platinum spiral,T 
and put into a test tube containing 3c.c. of Lemco broth. The 
infected Lemco tubes were incubated at 37° for two days. 

The dilutions were generally made in steps of 100 up to 1,000, 
then by 200 up to 2,000, but in certain cases this was departed 
from and the steps made smaller, as in the case of сшео] and 
phenol. 

When the oils are diluted with water, they are more or less 
opalescent, depending upon the relative amounts of oil and 
water. Тһе ой slowly dissolves, and the faintly opalescent 
dilutions become clear. 

The question arose as to when the dilutions should be tested, 
that is to say, at what time, after their preparation, were they 
most potent! То answer this question, cineol was tested, and 
it was found to be as effective in twenty minutes as in four 
hours, but that it beeame less and less germicidal as the time 
extended from one to twelve days. This is in keeping with the 
idea that an emulsion of a disinfectant is more effective than a 
solution, and, with cineol, the potency seemed to keep pace with 
the solubility. Those dilutions which just became bright at 12° 





* From a capillary pipette ciseharging 40 drops of broth per gram. 

t Made by rolling an ordinary platinum needle wire five times round а 
No.tS wire. It withdrew 7 milligrams of broth, Several spirals were 
used, so that one was always cold. They were consistent in picking up 
the same weight of liquid, 
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were just germicidal to В. col? communis at 20° in 15 minutes. 
It was decided that the dilutions should be tested within an 
hour after their preparation. 

Some further preliminary work was done to determine which 
were the best strengths of some oils to employ, and in how far 
we might expect to get consistent results. The lethal dilutions 
vary more or less in each experiment, and it is sometimes difħcult 
to determine what is the real etliciency of the oil under examina- 
tion. At one time, it was considered that the lowest of all the 
dilutions germicidal with a certain exposure would indicate the 
efficiency, but the curve of these dilutions was often too irregular, * 
and did not bear out the idea given by the curves of the indi- 
vidual tests. Consequently the germicidal dilutions of each test 
were plotted, and the probable dilution curve drawn through at 
least three exposures. From this curve the dilutions were 
corrected for the other exposures. The average lethal dilution 
for each exposure was calculated from the corrected lethal dilu- 
tions, and the curve of these numbers was taken as passing 
through the probable effective dilution. 


Cineol and Phenol. —Ihe cineol was obtained from Mr. С. I. 
Hudson, and had been obtained by freezing the rectified oils of 
E. polybractea or of E. siderowylon. The phenol was obtained 
as crystals of phenol absolute which in the preliminary experi- 
ment solidified at 38°5°,+ and in the others at 40°. 


* Lee and Gilbert (Abs. Journ. Soe Chem. Ind., 1918, 439) tind that 
disinfeetion is an orderly time process analogous to a chemical reaction. 
A definite relationship exists between the velocity of the reaction and the 
concentration of the disinfectant. Chick (Jour. Hyg., 1910, 237) found 
the same analogy and found that the velocity of disinfection at any 
moment was proportional to the number of surviving bacteria. Disin- 
fection preceeded in accordance with a logarithmic law of the first order, 
ie. like a chemical reaction. ` 


| Noted in Part i. as being crystalline at 28 . 
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TABLE і. Preliminary Experiment. В. coli communis. 








Exposure in minutes. | 15 30 60 120 | 180 — 240 
Cineol, в. bs | 260 — 300 — 350 = 
h. 260 -- 340 | 360 420 | 420 

с. 1: | 240, — | 320 | 340 | 360 380 

4. || ШУ ӘӘ | СШ о | 
Probable effective dilution 1: 255 280 | 315 | Зла | 385 410 
Phenol, «. = Л! б 190. тоо |100 Уй 
№ е : 1: ТО) SO j 90 |110 | 120 | 140 

(Ri mes sin Ig | — 90 |110 | 120 140 140 
Probable efective dilution |: 80 И pog 125 132 137 
Phenol eoefticient of cmeol 1: , 372 5l (30 eu 20 gy 





These preliminary tests were made in October: in the following 
March, the activity was again determined, with the new lot of 
phenol. 

Тлвьв ii, А, coli communis, 





Exposure in minutes. ІП! 30 45 бі) | 1207] ІМ) 240 





Сосо 13 І aut | 350 ТЫ 425 
203 sine 1: 55 272 450 450 
21/3 ПӘ Sm || ras SE D 
263 he oe |) wae 450 450 
ma І 220 | 325 400 425 





Probable еЙсейісе dilution. 1: Эу Ооо Еу 0 25 


Phenol, 14/3 1 M0 | 100 — 120 19 150 = 
18/3 1 100 | 1001 — |10 1390 130 140 
19/3 1 оомо) — | | WB) | со 
20/5 1 90 | 110 120 | 130 140 160 
28/3 1 90 | 100 | 120 120) 140 140 150 


Probable effective dilution 1: 90 рю |11 118 
Cineol. Second lot, freshly 





prepared 25/3 1 223 | 395 ШІЛЕР — 
20/8 ): Жолу | 300 3515 425 425 

21/8 Ве BRS |) ЕП 400 400 400 

253 1 ON отл 3530. 350 350 

1/4 1 279° | 398 400 450 ^ 450 


Probable effective dilution 1: — 2425 | 425 | 355.7 352 400 405 , 410 
Phenol coetticient of | 
eineo] ПУЕ || SP 








eineol. Second lot de p ам А 30 23 | 27 
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Stronger dilutions were tested at shorter intervals, but as the 
tube method, on account of the apparent necessity for keeping 
the oil emulsified, was considered impracticable, wide-mouthed 
ounce-bottles containing 10 с.с. of emulsion were cooled to 20°, 
and each was treated with five drops of а 20-hour broth culture 
and shaken repeatedly during the period of exposure. The 
results were very irregular, much inore so than with more dilute 
emulsions, and the reason for this was not at once elucidated. 
One test showed that a greater amount of shaking lessened the 
lethal exposures, but when the shaking was regulated, the results 
were no more uniform. Differences in the reaction of the broth, 
which is claimed by J. Н. Wright* to cause discrepancies in the 
results obtained in testing disinfectants, did not account for 
those obtained by me, for tests were made with dilutions of 
cineol, 1:100, which after exposures of 2, 4, 6, 8, and 10 
minutes, were seeded into tubes of broth varying in reaction 
from +3° through 6°, 8, 10° to + 12°, and all showed uo growth 
in 6 minutes. 

The phenol tests were always fairly constant; in fact the 
broth cultures used for infecting the tests were controlled by 
the bacteria being destroyed in 6 minutes by a 1:80 solution of 
phenol at 20°. If a shorter or а longer time was taken to 
destroy the bacteria, the experiment was rejected, and the 
cultures examined to obtain a mixture of races capable of being 
destroyed under the conditions іп six minutes, 

In considering the uniformity of the phenol tests and the 
comparative regularity of the tests with the weaker dilutions of 
cineol it would appear that an irregularity of result is to be 
expected in dealing with strong emulsions which separate so 
readily as do mixtures of cineol and distilled water. I have, 
therefore, recorded the results of the tests, irregular as they are, 
and have caleulated the general average which enabled a curve 
of probable efficiency to be made. 


* Through Abs. of Bact., 1918, 78. 


B. coli communis, —Cimeol with short. Exposures. 


TARLE iii. 
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TABLE iiia. В. coli communis. 
Phenol with short Exposures. 


1 








Dilutions 1: 60 70 80 90 
i 15 5 = 

= 1 6 10 

i 1} б 15 


Probable effective exposure 


ш- 
= 
= 
c 
и 


* Many times. 

As determined from the results on Table iii., the probable 
effective exposures for cineol at 15 and 30 minutes are slightly 
higher than those as determined from Table ii., but this differ- 
ence is the result of the methods, the bottle giving a speedier 
distribution than the tube, and consequently a higher etticiency. 


6 


2 
© 
Е 
= 
ET 
o 


'л 


„э 





1 2 3 4 5 6 MINUTES 
Text-fig. ii—Cineol with Small Quantities of Water. 

The necessity for the presence of a sufficiency of water in 
accelerating the action of cineol is shown by the fact, as deter- 
mined by Cuthbert Hall, that when comparatively dry bacteria, 
such аз are taken from an agar culture, are added to pure cineol, 
the lethal exposure may vary up to eight hours. With the small 
quantity of water contained in a few drops of a broth culture, 
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the disinfecting time varied from 5 to 30 minutes. An 807 
emulsion, that is, four parts by weight of cineol to one of water,* 
had a lethal period of 3 minutes, а 6677 emulsion had ? minutes, 
and a 50% had 11 minutes. Then the period began to lengthen 
as the cineol percentage became smaller. The expressions 1: 2, 
1:5, and so on, which occur in the tabulated results, mean 1 in 2 
and 1 in 5 by weight of oil and water. 





@ DILUTION, 1: 


PHENOL 





10 





| 2 S & 8 18 Gm S ify MINUTES 5 


Text-fig. ii. — Cineol with Short Exposures. 

The curve of cineol rises slowly from the turning point at one 
and a half minutes to the three minute interval before rising 
very rapidly. This lag or period of quiescence is met with in 
many disinfectants. The rapidity of the rise from the three 





Š Tabulated as 1:14. 
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minute to the eight minute interval explains much of the great 
irregularity in the tests. Concordant results can scarcely be 
expected during an interval of rapidly altering activity. Тһе 
same gross irregularity was not noted with the weaker dilutions 
of Tableii. or with phenol which furnishes a true solution in 
dilutions over 1 : 5. 


400 

т CINEOL 
e 

E 

3 

E 

à 

300: 

2 

PHENOL 

100 





6 30 4 60 120 40 Minutes 29 
Text-fig. 111. — The Cineol and Phenol Curves. 


By combining the results of Tables ii. and iii, we are able to 
obtain the complete curves of cineol and phenol. Both are of 
the same nature, inasmuch as they show a sharp rise followed by 
a slowing down to a straight line rising slightly from the hori- 
zontal. Indeed, if we were to enlarge the phenol area, we would 
find that it had much the same shape as the cineol area. Тһе 
phenol curve reaches the approximately horizontal level in 14 
minutes, while cineol takes half-an-hour. Although more power- 
ful as a disinfectant than phenol, it is slower in its action and 
overtakes the quickly acting phenol at the five-minute interval 
when each has a dilution of 1 ; 75. 
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It is customary, when comparing the germicidal properties of 
some disinfectants, to refer to them in terms of phenol, which 
for many reasons is taken as a standard. The phenol-coetticient 
is obtained by dividing the weakest dilution of a disinfectant 
which destroys a bacterium in a certain time and at a certain 
temperature by the weakest dilution of phenol lethal in the same 
time and at the same temperature. In Table ii. the coefficients 
have been obtained by dividing the probable effective dilutions 
of cineol by those of phenol. 

The соећсіепсу curve is comparatively high and reaches a 
maximum of 3:4 in thirty minutes, and slowly falls to 2:8 in four 
hours. Ав Delepine* reminded us, the ratio between the lethal 
doses of two disinfectants is not the same for exposures of dit- 
ferent durations. 

There is no definite rule as to the exposure which should be 
taken in calculating the phenol coeflicient of any disinfectant. 
The method suggested by Hideal and Walker is to withdraw 
portions of the tests every two and a half minutes up to fifteen, 
and to take the dilutions of the disinfectants which are lethal at 
any one exposure. Thus the coefficient might be calculated from 
any 24 minute period up to 15 minutes. Sims WoodheadT deter- 
mined the coefficients at 21 and at 30 minutes and took the 
average. Blyth} used the 124 minute interval. Delepine$ pre- 
ferred exposures of not less than 20 minutes for bacteria such as 
D. coli communis, and took 20 or 30 minutes as the proper 
exposure, but he recognised that half-hourly and hourly exposures 
had the advantage of giving more steady results. Chick and 
Martin|| considered that 30 minutes was best. А study of the 
coefficients of cineol leads one to the same conclusion. It would 
clearly be unwise to take a time during the rapid rise in the 
cineo] curve. It should rather be taken when the curve has 
begun to assume its nearly horizontal position. The curves for 





* Journ. Зое. Chem. Ind., 1910, 1344. 
+ Lancet, 1909, 1454. 
ў Journ. бос, Chem. Ind., 1906, 1182, 
8 Idem, 1911, 334. 
Journ, Hyg.. 1905, 654, 
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aromadendral and piperitone are like cineol in this respect, but 
the Eucalyptus oils generally are different, their curves usually 
showing a more sustained rise. While theoretically the real 
coefficient should be the highest, practically we want to know 
the maximum efficiency in the shortest time so that there might 
be a minimum of risk in the disinfection of infectious material. 
The half-hour interval is clearly indicated for cineol and, as we 
shall see later, for aromadendral and piperitone, as well as for 
the pinene and sesquiterpene oils, 

The question of the choice of cineol as a disinfectant will 
depend upon circumstances. While phenol forms clear solutions 
with water in dilutions of | : 20 and weaker, cineol, according to 
the data of Earle,* would at 20° give a clear solution with 1:270. 
The strongest clear solution of cineol destroys В. coli communis 
in 15 minutes at 20°, while the strongest clear solution of phenol 
kills it instantly. Оп the other hand, a 1:270 dilution of 
phenol would not destroy the bacillus within a reasonable time. 
In dilutions stronger than | ; 270, cineol forms milky emulsions 
which throw oi] globules to the surface upon standing for a few 
minutes, and on this account it does not give what is termed an 
elegant preparation. 

The oil of E. cinerea.—The crude oil of Ж. cinerea usually con- 
tains over 50% of cineol, the remainder being pinene, with a 
comparatively large amount of esters and some sesquiterpene. 
The first specimen to be examined was that which gave the high 
toxicity numbers when tested in oil. It had an acidity of 95° 
and, judging by this, some time, probably some years, liad passed 


М 


since its preparation. Two and a half months after the first 
set of tests, the oil was treated with dry sodium carbonate for 
two days and dilutions were made by two methods, the mass and 
the droplet. The idea was to test the two methods, and at the 
same time to slightly vary the conditions of the experiment. So 
far ав the method is concerned, it appears to be immaterial 
which is used, as a, b, с, and в were made by the droplet and 4 
by preparing a bulk dilution of 1:200 and making the other 
dilutions from that. 





* Journ. Зое. Chem. Ind., 1918, 274T. 
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The older oil is undoubtedly the stronger germicide, and this 
is not on account of the great amount of acid which it contained, 
because the neutralisation of the acid did not appreciably alter 
the eflicieney. The crude oil of E. cinerea has, compared with 
many other oils, a high saponification number, 14:4 to 24,* which 
indicates a preponderance of esters. These apparently become 
hydrolysed in course of time, producing acids and alcohols, and 
it is either to the alcohols or to their oxidation products that the 
increased germicidal effect is to be traced, for, as we shall see 
later, the aldehydes are the most bactericidal components of the 
oils. 





CiLUTION 


E.CINEREA, 
pect, 95? 






1500 










CINEOL 


E.CINEREA, сы 





$» ө 120 180 AUNUTES 240 
Text-fig. iv. 


Tt had been suggested that as the crude oils in most cases 
contain substances of a phenolic nature, they would probably be 
more germicidal than the rectified oils. When the crude oil of 


* Baker and Smith. Тһе Eucalypts and their Essential Oils. 
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E. cinerea was tested, the results did not bear out the conten- 
tion. Two specimens were tested. 


Танысу. D. coli communis. 


Dilutions bactericidal at 20°. 





| | | 
Exposure in minutes ... |! 15 | 30 i60 120 180 | 240) 300 


| 
= | 
E. cinerea, crude, acidity =81 и. 1: 150 — (250. 400 |400 400 | 400 


b. 1: |150 175 250 350 | 350 | 350 | 350 





Probable effective dilution 1: |150 175.250 350 | 390 | 400 | 100 


n à | 








| 
E. cinerea, crude, acidity=12 а. 1: 150! 200) 300 400 500; — | — 


р. 1: 180| — |900 350/350 400 500 
се. 1:1175| — |350 350 350 450 | 450 
| 
Probable effective dilution 1: 12012001975 920 400 425 | 450 


Compared with the rectified oils, they have a low germicidal 
value. Furthermore, while the rectified oil with the higher acid 
content was the better, the crude oil with 81° of aeidity was 
rather less germicidal than that with 12°. Тһе acidity cannot 
therefore be depended upon as an index of the disinfeeting value 
of the oil. It would almost seem as if the act of distilling the 
oil with steam had brought about the production of germicidal 
substances from the components of the oil. So far, these speci- 
mens of oil both rectified and crude, had not been directly 
related one with the other, and, therefore, one could only guess 
at what might be the reason for their different behaviours. But 
Mr. H. G. Smith had two specimens, one a rectified oil, another 
the crude oil from which it was obtained, and it was thought 
that an examination of these might throw some light upon the 
matter. 
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TABLE vi. B. coli communis, 


Dilutions bactericidal at 20°. 





Exposure in minutes ...| 151 801 60 120: 180 | 240 

E. cinerea, crude, acidity ~ 86° в. L: | 300) 300.00 | 400 400 | 600 
ГА 1: | 200) 200,300 | 300. 300 | 400 

(6, 1: [200| 300 | 400 200,500 | 500 

370) 440) 470 | 500 


Probable effective dilution 1:1230 | 300 
| 














Е. cinerca, vecta, acidity =26° а. 1: 100/300: 400 | 400 | 500 | 900 
h. 1: | 100/200) 300 | 400 | 400 | 700 

| | 
Probable effective dilution 1: | 1591250 | 340 | 430 | 450| — 


The relative activities of the two oils were very much the 
same. One must believe that distillation had no influence upon 
the hitherto observed higher etlicieney of the steam-rectified oils. 

Superheated steam has likewise no action, as was shown by 
an experiment in which the erude oil of Ж. cinerea (aeidity = 19°) 
was, with the addition of a few drops of water, sealed in glass 
tubes and heated at 180° for an hour. Control tubes were sealed 
at the same time. Six weeks afterwards, the tubes were opened 
and the oils centrifugalised and examined. The heated oil was 
found to be slightly more germicidal, but not sufliciently so to 
warrant the idea that any tangible increase had actually been 
obtained. 

It may be remembered that, when testing the activity of the 
oils in solution of olive oil, №. cinerea was found, after the addi- 
lion of acetic acid, to become more and more germicidal in eourse 
of time. Small quantities of the treated oils remained, and that 
to which the least quantity of acetie acid had been added, was 
tested in aqueous dilution. 


12 
~I 


BY R. GREIG-SMITH. * 3 


TABLE хи. D. eof communes. 


Dilutions bactericidal at 20 . 





Exposure in minutes — ... а 15 30| 60 120 180 240 
E. стисгеи. erde. Acidity 19, increased | ' | | 

to 93 ТЕ | 400 | 600 S00) 500 1000 
Control as previously determined І:|150 200 | 300 | 350| аю 400 











lt is clear that a considerable elevation of the germicidal 
activity had, in course of time, resulted from the acidification. 
lt was tested on the 108th day after acidification. The acidity 
of the oi] would have little effect in acidifying the dilutions, for 
at 1 :400 the acidity would be less than 0-25°. The experiment 
therefore shows that acidification does, in time, cause the oil 
of Е. cinerea to become more germicidal, and since storage of 
the oil results in the natural development of acidity, it follows 
that storage of the oil, by reason of the formation of acids, will 
lead to the production of germicidal substances, Tt will in pro- 
gress of time become more and more bactericidal. 


The Oils of E. australiena.—The oils of this member of 
the Peppermint group of Eucalypts differ according to 
whether the trees grow on the high ridges of the Main 
Dividing Range or at lower elevations. Тһе oil from the 
latter is termed А. australiana, and that from the ridges is 
named Z. australiana, Braidwood. 2. australiana contains some 
70% of cineol, while the Braidwood oil has about half this 
amount replaced by phellandrene. Otherwise the constituents 
are much the ваше. Besides the cineol, the oil of E. australiana 
contains a little piperitone, occasionally a little pliellandrene, a 
phenol ('l'asmanol), a small amount of esters, and some of an 
unknown aleohol. "The oil is not generally rectified, but, in dis- 
tilling the leaves, the oil that comes over during the first hour 
is sufficiently pure to enable it to be sold for medicinal purposes. 
It is known as “ First Hour Oil," aud contains over 70% of 
cineol and usually but a trace of phellandrene and a minimum 
amount of volatile aldehydes.* 





‚ 1915, 514. 





* Proc. Roy. бос. №. S. Wales 


GERMICIDAL ACTIVITY OF EUCALYPTUS OILS, fili 


Әз 
ty 
W 


TABLE vii. В. coli communis, 





Dilutions bacterieidal at 20°. 





Exposure in minutes ... | № | 80160 120. 150 | 240. 300 
| ] | D 





+ H | | 
FE. australiana, lst hour oil, | | 


acidity = 5° а. 1: | 400 | 500 200 | 600 | 600 | 600 | 600 
Я 1: | 200 | 400 600 700 | 700 | 700 700 
e. 1: | 200 | 200 400 400 | 500 500 — 
1: 200 300 400 | 500 | 500 | 500) — 
1: | 300 |300 | 300 | 400 500 500 = 








Probable etfeetive dilution 1: | 225 | 350 | 450 | 525 | 550 








| 
550 | — 
| 





A second specimen of the First Hour Oil was obtained, and it 
was tested with the second hour oil and the commercial residue. 
Taste ix. В. coli communis. 

ЕН 





Dilutions bactericidal at 20°. 





Exposure in minutes e. 15 30100 | 120) 180 240 


| 
| 


1: 200 2002004901400 400 
1: 300 300.400 | 500 |600 700 
е, 1: 300 300 400 500/500 500 
1: 300 400 | 500 | 500 700 700 (raee 7) 


E. australiana, 186 hour, 
acidity = 10° (t. 


Probable effective dilution? 1; 250 325 400/450 520 220 


E. australiana, стаде, 2nd hour, ! 
200,300 800 | 400 | 400 ! 500 


acidity = 150° а. Із 
b. I: 400 i 400 4001400! 600 600 
с. 1:1800 — 2001250! 600 000 
d. |: 400 400 | 500 | 600 | 600 | 500 
Probable effective dilution 1: 300 400 500,570 |590 | 600 








E. australiana, commercial residue 1: |300 400 | 500 | 600 | 600 | 600 








From a germicidal point of view, these oils of А. australiana 
are all the same, and it wonld appear that the bactericidal con- 
stituents are distilled in constant proportions. 
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The high acidity of the 2nd hour oils will cause the stronger 
dilutions to be pronouncedly acid; a dilution of 1 : 300 will have 
an acidity of 0:5? which, by increasing the lethal power, might 
raise the germicidal dilution considerably (see p.339). 


1000 


DILUTION 


ғ AUSTRALIANA, 2« Hoon & Resat 


E.AUSTRALIANA, ber Houa 


E 





5 30 60 120 180 
Text-fig.5. 

The oil of the Braidwood variety of Æ. australiana was tested 
to complete the information respecting the oil, and incidentally 
to see how the replacement of the cineol by phellandrene would 
affect the germicidal value of the oil. 

TABLE x. 


В. coli communis. 


Dilutions bactericidal at 20 and 22°, 


Exposure іп minutes и Mis си 





60 124 180] 240 





E. australiana (Braidwood), | 





acidity 21" a, (20) 1: 400 600) 600. 900 001000 
b. 207) 1: 200 600 | $00 |1000 1 100] 1:200 
с. (20°) 1: 400 500 | 600 1000 1100/1200(race 6) 
Ч. (2237) 1: 500 700 | 000 1000 1400| — 





Probable etlective dilution |: 400 600 | 500 1000 1120/1200 
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Tt is apparent that phellandrene is more eflicient than cineol 
as a germicide, if the only difference between the two oils lies in 
the cineol and phellandrene. The low acidity of the Braidwood 
oil shows that it had been recently distilled, as it had been given 
out to be. It is one of the most etlicient of the oils that have 
been examined, the only stronger oil being the old specimen of 
Е. cinerea, rect. 


Тһе Phellandrene Oil of E. dives. — In. the absence of pure 
phellandrene, use was made of the oil of Ж. dives, which consists 
larvely of this constituent. There is also in it а quantity of 

mer Pi 
piperitone, the strongly smelling peppermint substance of the 
Eucalvpts. The oil of E. dives is not usually rectified, and is 

УЕ , 
extensively used in the flotation of minerals.* 


TABLE хі. B. coli communis. 


21°, aud 22°, 


Whi Dilutions а at 20°, 
| 
| 





Exposure in minutes ae ...| 15 | 30 | 60 | 120] 1$0 | 940 
№. dives, crude, О я Т В) the ES 400|500|600| 600| — 
(2091: 300 | 400 | 600 | 600, 600 700 
(21°) 1: 200 |300 | 600 |700| 700 | 500 
Л Gr) 400| 500 | 700 |800 | 1000}! 10007 








Probable effective dilution at 207 1: 300 | 400 | 500 | 600| 660 700 








{= ог weaker. 


* The use of this oil asa disinfectant for clothing was tested. It is a 
sticky oil, and about the worst that could be employed for such purposes, 
on account of its rather difficult removal with soap and water, This con- 
sideration, however, did not occur to the writer until later. А suspension 
of M. aureus in serum was absorbed on cotton mending and dried at 37° 
for an hour. The infected twists were then inserted in dilutions of A. 
dives and withdrawn at stated intervals (the excess dilution being removed 
on porous gypsum strips) and inserted into broth. Тһе lethal dilutions 
were as follows : 


b 10 15 80 60 120 180 240 minntes, 
—— 
la less than 5 20 2 30 60 50 80 
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The results indicate that while pheliandrene, as exemplified 
by this oil, is certainly more germicidal than eineol, it is less 
bactericidal than the phellandrene oil of Æ. australiana, Braid- 
wood. The bactericidal dilutions are somewhat akin to those of 
the normal variety of А. australiana, so that there is something 
in the oil of the Braidwood variety more potent than phellan- 
drene, possibly the oxidation products of the unknown alcohol. 


The Oil of E. Smithiz.—This oil contains over 70% of cineol. 
The other constituents are pinene, with small quantities of 
a phenol, volatile aldeliydes, eudesmol, esters containing butyl- 
butyrate and a sesquiterpene. It contaius neither phellandrene, 
piperitoue, nor aromadendral. 


TABLE xii. B. coli communis, 


Dilutions bactericidal at 20° and 22°, 


| в 
Exposure in minutes .. 15.30 60 |120 150) 240) 300 





Е. Smithii, rect. | 
Acidity=37° a, (20°) 1: 300 400 400/500, 800 | 900, — 
b. (20°) 1: 300 400'500|700| 700 | 900; — 
" 1: 300 300,600|700| 800 | 1000 1000 
d. (227) 1; 400 500 700|900| 1000 == -- 


Probable effect. dilution at 207,1: 300 400 550 | 7001 S00 | 900 | 1000 


Е. Smithii, crude. | 
Acidity =35° а. (20°) 1: 300 300 400/600 600 609 — 
b. (20°) 1: 200 300 450 |000 600 700 800 








Probable effective dilution 1: 900 300 450/600) 660 | 700 -- 





Тінв is another case іп which we have the rectitied oil having 
а, stronger disinfecting action than the crude. It is not quite so 
pronounced as with Æ. cinerea, but there is less room for the 
formation of substances of an aldehydic nature; the saponifica- 
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tion number varies from 2:4 to 3'0 as against 14:4 to 24 in the 
case of E. cinerea. 

The Ой of E. polybractea. — E. polybractea, ог ** Blue Mallee,” 
is one of the chief sources of the medicinal oil at the present 
time. Тһе crude oil contains over 707/ of cineol, besides 
pinene and aromadendral. The rectified aud crude oils were 
tested, while a residual oil was included in order to see in how 
far the presence of aromadendral would influence the germicidal 
activity. 


TABLE xii. В. coli communis. 





Dilutious bactericidal at 20°. 





| | | 


Exposure іп miuntes bn 15 30 | 60 | 19) 180 | 240 





Е. potybractea, rect. | 


Acidity = 10° wm l 200 | 200 200 500| 500 500 
i | 200 200 300 | 300 400 100 
ӨТІ 200 200 300, 400 500 500 
quieti 200 | 300, 300, 400, 100 500 


Probable effective dilution 1: 900 260 350| 450 | 480 500 





E. polybractea, crude. | 
Acidity — 4^ а. 1: 400) 400) 590 | 600 | 50 — 80J 
. l: 300 400) 500; 600 600 700 
с. 1; 300 300 чоо 500, 500 боо 








Probable effective dilution 1:, 300. 400’ 200! 600 650 700 
E. polybractea, residue а. 1: 40) . 600 , 600 о ‚| <= 
( da 500 | 500 500 | 500 500 600 
& ihe 400 400 500 | 500 500 500 


Probable effective dilution 1: — 400 d 500 | 500 | 500 | 400 





L 





* This test was made after the paper was written with the idea of test- 
ing the validity of the earlier tests. 


This isan instance where the crude oil is more germicidal 
than the rectified. The residual oil, the dilutions of which had 
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the odour of avomadendral, has a curve suggestive of a mixture 
of aromadendral with an almost inert oil such as sesquiterpene. 





DILUTION 


5 30 60 190 180 MINUTES 240 


Text-fig.6. 


Some CONSTITUENTS OF THE OILS. 

Cuthbert Hall showed that of all the undiluted constituents 
of the oils, aromadendral was the most active germicide. In 
view of this, it seemed advisable to test the aldehyde in aqueous 
dilutions. Aromadendral has а high boiling point (2107-2157), 
and largely remains behind when the crude oils of the **Mallees" 
— E. polybractea for example апа of the “Вох” group of Euca- 
lypts are rectified by steam distillation. At the present time 
there is no market for these residuals containing the aromaden- 
dral, and they are usually thrown away. However, Mr. H.G. 
Smith was able to obtain a small quantity of the residues, and 
prepared for ше about five c.c. of the aldehyde, whieh was 
sufficient to test its properties. 

Piperitone, the ketone of the “ Peppermint” group of Euca- 
lypts, was tested about the same time, and [ included the oils of 
E. nova-anglica, the chief constituent of which is a sesquiterpene, 
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of E. dextropinea, and of E. levopinea, both of which consist 
very largely of pinene. 


TABLE му, D. coli communis, 





Dilutions bactericidal at 20, 21, and 22°. 











Exposure in minutes sep || ШБ 30 60 120 | 180 | 240 








к — e = ] == 
Aromadendral а. (20°) 1:, 1600 | — | 2400 2800 | 2800 | 2800 
b. (20°) 1:! 1800 | 2200 | 2600 | 2600 | 3000 -- 
c. (919) 1: 1600 | 9600 | 2800 | 2800 | 3000 | 3000 
d. (22°) 1: — | 2800 | 2800 | 2800 | 9800 | — 


Prob’le effect, dilution at 9091 A 1700 2200 | 2600 | 2800 | 2900 | 3000 





Aromadendral and cineol, 
equal parts (20°) 1: 800 — 1400 1400 | — | 1400 


Piperitone (20°) 1: 400| — 450 | 500 | 500| 500 


Е. uova-auglica. | 
Acidity =33° (20°) 1: 40 — 60, — 60 == 





E. dextropinea. 


Acidity -68:59 (20°) 1: 40* S0 100. 120! 130 | 140 





E. levopinea. | 
| 


Acidity=94° (20%) 1: 40) 100| 140| 200] 900| 900 











* —or stronger. 


There сап be no doubt that of all the oils and their con- 
stituents that have so far been tested in aqueous dilutions, 
aromadendral is by far the most efficient germicide. It is about 
seven times stronger than cineol. [ts bactericidal power does not 
appear to be reduced to auy great extent beyond the expected 
proportion when it is mixed with сіпеоі, so that its presence in 
any oil should raise the etticiency of that oil. 

Previous experiments with the sesquiterpene oil of Æ. nova- 
anglica showed that, when dissolved in olive oil, it was the most 
inert towards В. coli communis. This was borne out by its 
behaviour in aqueous dilutions; its germicidal power is very 


feeble. 
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Piperitone is stronger than cineol, but not to any great extent. 

Pinene, as represented by the oils of Æ. dextropinea and Æ. 
levopinea, has a comparatively feeble action, although slightly 
better than sesquiterpene. 


3000 


?000 


DILUTION 


1000 


= DRENE 
g DIVES” PHELLANU АЗЫ 


PIPERITONE 
500 


CINEOL 


E DEXTROPINÇA- PINENE OIL 
ЕММА Ами ЛСА SESQUITERPENE 





в x 60 MINUTES 120 180 240 


Text-fig.7. The Constituents of the Kucalyptus Oils. 


The Oils of E. eneorifolia and Е. citriodora.—'The oil of Е. 
eneorifolia, one of the “ Mallee” group from Kangaroo Island, 
contains cineol and aromadendral with a small amount of sesqui- 
terpene. It should give high dilution numbers, and the expecta- 
tion was fulfilled. The oil of Æ. citriodora contains 91% of the 
aldehyde citronellal and а small amount of pinene, but по cineol. 
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Тльге ху. В. coli communis. 


| 


Dilutions bactericidal at 20°. 


Exposure in minutes... ИО 60 120, 180 940 300 





И. eneorifolia, crude. | 
Acidity—:1* а. 1: 300, 500} 800 900 1000% 1000* — 
b. 1:1 300 | 500| 800 800 1100 1100 | 1100 
| 


Probable effective 
dilution зү Зоо 500 $00 1000 1080 1100 | 1100 








E. citriodora, evude. | 
Acidity —140* а. |: 300 300 600 1000 1000 1900 | 1200 

b. 1: 3400. 400) 600 800 1110 1200] — 

c. 1: 400 100| 800 1000 | 1200 | 1200 | 1200 

Probable effective | | 
dilution lay sero 





500 | 700 900 





| 1020 — 1140 | 1200 
таке“ 

Both these oils are good disinfectants; they аге the best of the 
crude oils that have been examined; the reason for their excel- 
lence is to be found in the presence of the aldehydes, aromaden- 
dral and citronellal. Indeed, from the work that has been done, 
it is clear that a comparatively high germicidal activity сап only 
be expected in those oils containing substances of an aldehydie 
nature. The pinenes and sesquiterpene аге, inferentially, poor 
disinfectants; сіпео] is moderate, phellandrene and the ketone 
piperitone are better, and the aldehydes are the best. 


SUBSIDIARY NOTES. 

а. The races in the stock culture.— During the research, the 
stock culture of В. coli communis was plated to see if it had 
retained its purity. The plates showed a pure culture. One of 
the colonies was picked out and used. As it appeared to be 
much more sensitive to the action of the Eucalyptus oils than 
the stock culture, a direct test was made, using the 2nd hour oil 
of E. australiana. 
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TABLE xvi. Races of P. eof? сорон, 





| | Г | 
„Ж 30 ' 66 | 190. 180 940 
| 
| 
| 
| 


| 
| 
400 | 4001 600 000 


Exposure in minutes 





400 
600 


Stock culture (mixed гасе») 1: 
New eulture (race 1) Па 900 | 1000 1000 1200 
| | 


900 


'The new eulture was almost twice as sensitive to the action 
of the disinfectant as the stock culture with which the work had 
been done. 

The result of the test led to the trying of nine colonies, picked 
out at random from a plate containing about fifty colonies, and, 
in order to economise labonr and material, the time test with 
single dilutions was employed. A spiral loop of broth culture 
(T milligrams) was put into 2¢.c. of diluted disinfectant and 
portions were withdrawn at intervals of 5, 10, 15, and 30 minutes. 
Longer exposures were all negative. 


Танк xvii. Minutes required to destroy B. coli conununis, 


E. australiana, FE. australiana,” 
2nd hour 1:600, | rect. 1:400. 


Stock culture |... ma ia 15 15 
Race] ... aaa E is lu 10% 
ince 2 ... 5 УЕ т 15 3t 
Васе. ses 52. гз 30 | lu 
Race 4 ... aah m 15 | lu 
Races 5, 8, eb d A 15 15 
Race 6 ... 2 see i 30 3 





Race 7 .. в AG i 30 15 


1 








Васе 1, the behaviour of which had led to the test, proved to 
be the most sensitive of all the races. Race 7 which, from its 
resistance to the 2nd hour oil of Ё. australiana, promised to be 
hardy, did not justify the promise either in the second part of 
the test or in Table ix., where test c. was made with the stock 
culture and test d. with race 7 upon the same day and at the 
same time, Касе 6 appeared to be the most resistant of all the 
races, and it was tried with Ё. wustraliana (Braidwood) upon 


the same day and at the same time. The result showed that it 
26 
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had the same resistance as the stock culture. Іп Table x., test 
b. was made with the stock culture and test c. with race 6. 

The stock culture clearly contained a mixture of races, the 
most resistant of whieh have played their part in the recorded 
experiments. The germicidal dilutions are those which destroy 
all the bacteria in certain times, and naturally the most resistant 
bacteria will be the last to suecumb. 

b. The Effect of Mass Infection —The lethal dilutions for the 
stock culture in the previous test with the races of В. coli com- 
munis are not in agreement with the results tabulated elsewhere. 
This is explained by the fact that the infected broth added to 
the 2 c.c. of disinfectant weighed 7 milligrams, while elsewhere 
the infecting material weighed 25 milligrams (the droplet from 
a standard pipette). The proof of this is found in the following: 

TABLE xviii. В. coli communis. 





Exposure іп minutes — ... 15 | 30 60 








E. australiana, 2nd hour. | | 
Infection, 25 mgrms. 1: 400 | 400, 500 600| 600| 800 
7 mgrms. 1: 600 600 | 700 700 | 1000 1000 





Tt confirms the well known rule of mass infection, t.e., the 
greater the number of bacteria, the stronger must be the disin- 
fectant to destroy them. It emphasises the importance of keep- 
ing to one method of technique in doing a set of experiments. 

c. The Effect of Acidity.—In a preliminary test, 16 was found 
that when the oil of Ж. cinerea was diluted with water contain- 
ing 1° of alkalinity as sodium bicarbonate, it was less germicidal 
than when neutral distilled water was employed. 1% is possible 
that the converse of this holds, and that slightly acid water 
would increase the germicidal power. There is also the possi- 
bility that an acid oil may be more toxie on aceount of the 
acidity conferred upon the diluting water by the acid of the oil. 
The elucidation of these two points was attempted. 

The ehief and probably the most active free acid in the oils is 
acetic, and accordingly this acid was tested to see if it had any 
bactericidal power of its own. А solution was prepared by 
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taking І с.с. of glacial acetic acid and diluting it to 50 e.c. This 
was found to be equivalent to on Tt was diluted progressively 
from 5 to 500 times, and tested with B. coli communis in the 
usual manner. АП the tests were positive with exposures from 
one to four hours. Acetic acid is, therefore, inactive in dilutions 
ranging from zero up to S that is, up to 72° of acidity. It 
follows that any assistance given by the acid in the dilutions of 
the oils cannot be due to the acid directly, but to а condition 
that the acid brings about. 

The next experiment was made with cineol which was acidified 
with acetic acid so that it contained 92-5* of acidity. This is 
close to the acidity of the specimen of the rectified oil of Е. 
cinerea which had been previously tested (Table iv.). 

The acidified oi] was a little more toxic, but the differences 
were comparatively slight, due possibly to the fact that, when 
the oil is diluted 300 or 350 times, the original acidity 1s reduced 
to 0:26° (=a quarter of а с.с. of normal acid per litre) which is 
a comparatively slight acidity. 

The effect of using acidified water in place of neutral distilled 
water was then investigated. A supply of recently distilled oi] 
of E. polybractea with a natural acidity of 10° was used. Dilu- 
tions were made with water acidified with acetie acid and con- 
taining varying degrees of acidity. 

"ГавгЕ хіх. М. coli communis. 





E. polybructea, rect. 
| Dilutions bactericidal at 909, 
| 





60 min. | 120 min. © 180 min. | 240 min. 





Acidity of water. | 30 nin. | 
В | uc ANT Ww — 
b. neutral | 200 300 | 400 600 600 
Це 300 500 700 1000- 1000 
а. 1° 100 500 300* 500% 590% 
5" | 300 500 600 800 1400 








15° 500 600 $00 300 | 1800 
* = ог weaker. 

The results are somewhat irregular, but as a whole they show 
that an acid condition increases the potency of the oil in aqueous 
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dilutions. For this reason, it would be a mistake to employ 
ordinary tap-water when making dilutions, as its slight alkalinity 
would tend to reduce the germicidal eflieieney. 

Since phenol behaves as a weak acid, it is likely that its 
activity will be enhanced in the presence of dilute acid. А pre- 
liminary test showed that this was so, for with 10° of acidity, 
as acetic acid, dilutions up to 1: 200 were germicidal іп 30 
minutes, А test made at the same time with 11° (corrected) of 
alkalinity as sodium bicarbonate gave normal numbers up to an 
hour, and at four hours the lethal dilution was 1: 180, as against 
1:140 with neutral water. Alkali itself has no action when 
used in smal] amounts, for a control test showed that water with 
22° of alkalinity as sodium bicarbonate was inaetive in four 
hours. 

Thus the addition of alkali or of acid to the water used for 
dissolving the phenol, increases the efficiency, and of these, the 
acid is the more powerful. 

The effect of acidity upon the action of phenol was confirmed 
in the following experiment. Solutions of acetic acid were pre- 
pared to give 1° and 10° of acidity, but when the pipette was 
checked it was found that the number of drops per gram differed 
with the strength of the acid. Solutions of = strength gave 72 
drops per gram, while those of $3 gave 90 drops. Тһе actual 


acidity was therefore weaker. 














Exposnre in ininutes M 15 | 60 180 300 
Acidity of Water | | 
а. 0:96" ТЕ 120 160 | 920 260 
29489 1 140 920 300 340* 
b. 10? itg 140 220 340 380 
| 
neutral as previously 
determined I: 90 | 120 145 150 
| 


"or weaker, 
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There is nothing new in this example of the influence of acidity 
in increasing the activity of phenol, for Delepine* quotes an 
experiment showing that the presence of acetic acid in a solution 
of phenol in the ratio of 1:400 (= 41° of acidity) increased the 
activity of the disinfectant by 140/70 in five minutes at 17°. 
Hydrochloric acid in the ratio of 1 : 8000 (= 3-4°) increased it 
by 80/70 in the same time. — Hailerf says that acids increase the 
disinfecting power of phenols in the order oxalie, sulphuric, 
acetic, tartaric, citric, boric: the last has scarcely any action. 
As having a bearing upon the matter, it is known that a faint 
acidity caus 





a medium to be easily sterilised by heat. Currie, 
for example, added 4 e.c. of seminorinal hydrochloric acid per 
litre to obtain the sterilisation of a saccharose medium in one 
steaming. 


d. Weter increases the efficiency of the oils. —The value of water 
in enhancing the germicidal effect of cineol and reasonably of 
Eucalyptus oils, is shown by the fact that 2. coli communis, 
when suspended in serum, was destroyed by a 507 dilution of 
cineol in olive oil where the only water present was contained in 
the serum. When an aqueous dilution of cineol was given the 
same time tu act, the bacteria were destroyed in a dilution of 
15:315. 1.2, 507 


56 


with a trace of water and 0-247 with much 
water. 

An experiment was designed to sce in how far bacteria im- 
pregnated on cotton could survive tlie vapour of cineol at ordin- 
ary temperatures (23° to 26'C.) the idea being to determine if 
cotton masks such as were worn during the pneumonic influenza 
epidemic would be sterilised wheu enclosed in a vessel containing 
ciueo] vapour. Some strands of cotton were infected with seven 
milligrams of ceo/i-infected broth, and inunediately suspended in 
cineol vapour (see р.91); others were dried in the air for an 
hour before being suspended in the same manner. The moist 
strands were found to be sterile in 60 minutes, while the dry 
strauds were sterile in three but not in two days. Obviously, if 


* Journ. Soc. Chem. Ind.. 1910, 1344. 
{ Abstr, Journ. Soc. Chem. Ind., 1910, 514. 
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the masks were slightly damped, they could be depended upon as 
being sterile after a night's exposure to the vapour. 


CONCLUSIONS. 

The germicidal value of the Eucalyptus oils varies with the 
kind of oil and also with the particular specimen. While Baker 
and Smith have shown that the major chemical constituents аге 
wonderfully uniform, so much so that from a consideration of 
the oil they are able to recognise the aftinities of species of the 
Eucalypts, the minor constituents may vary considerably, aud 
these seem to have a pronounced influence upon the germicidal 
power. То realise this, one has only to consider the variations 
in the bactericidal power of the oil of E. cinerea. Тһе rectified 
oils were germicidal in an hour with dilutions of 1 : 900, 1 : 500, 
and 1:340 according to the individual specimen. ‘These were 
not all of the same age. The most potent was the oldest, and it 
was the most acid. From this we infer that the degree of acidity 
is to a certain extent an index of the age and, to some extent, 
an index of the disinfeeting power. Аб any rate, with an oil 
having a high saponification number such аз that of Ж. cinerea, 
it is to be expected that, as time goes on, the oil becomes oxi- 
dised and the constituents decomposed, yielding oxidation pro- 
ducts such as aldehydes and acids. The aldehydes seem to 
possess high germicidal values, one of them, aromadendral for 
example, is a very powerful disinfectant. 

But the acidity is only a rough index, for the three specimens 
had their acidities in the ratio, 95 ; 18 : 26, from which we see 
that, when the acidity is low, there is no indication given as to 
the disinfecting action. Possibly the original acidity of the oil 
should be taken into account, 

Tt is eustomary in dealing with the germicidal activities of 
disinfectants to refer to them in terms of a standard disinfectant 
such as phenol, and accordingly the phenol-coetticients of these 
oils that have been tested, were calculated and appear in the 
following Table in which the rectified oils have been grouped in 
the approximate order of their efliciency. The same applies to 
the crude oils and to the oil constituents. 


343 


REIG-SMITH. 


H 


G 


R. 


ВУ 


Чъы = sa Nau op зв pu б, = sejnura £r 3e Чу, ESIMURU с 3e ‘10.0=зэзиици FZ 3v [oou 4. 


"spio588 (к 1940 = (00) 




















өл | üt ot nl (Lt 
FU т.о © + <0 
6.0 | 6.0 6.0 | MO 
9. ES cet | 2 
ке 6.6 tm & 
TE 6.5 F 
19 „өс 1.1с Тс 
9.5 "c с (ee BT 
8.5 LG WG COME , Gl 
2.6 CEED EEE 48 | gue 
Bus | № бу бє | 652 
“ғ ср Tei Gur (AE 
„т er т.т ar | GE 
WE ТЕБ cet ck TGE 
u.s 9.8 9.& ee ШИ 
9.6 ке 6.8 6-6 16 
e (iu ШАП He S.t 
a uae woo m S.F 
6.1 iti idt 8.0 8.6 
ее 5 aE OS еб 
Be ee ее ас | 0.5 
x LE gue 66 | ға 
$.9 2.9 pe SIME А 
ZEI ДШ 0-01 9.7 | ве 
отс OST өсі o) | ng 


өл 





т 
Mm 


ізі 
саамы 





"c. 3€ S1uatograoo- Ona 

















“gouad 


(221) wn-0401. 7) по auadiayinbhsag 
1 (pouido-qxop 74) үүө euaung 
(мар 79) по энаариеЦечд 






ЖЕ Ноэшо 
= з 255 әпоумәйд 
ed ES are теарнарзшолу 
> sd бді; “« m m 
25 SS 995 орала “әмәнгә "у 
vs 529 “е pudo “yp “Я 
2 ei opnao ‘najoneqhjod 7 
> eun t opuio ‘зар у 
a “е moy рис ЫМ LS 
аб 888 Eon m i 
d UC anon AS] “онорор 77) 
25 Tie 254 “еәоморомио ‘Я 


Ipu *270/i.r09u2 “Ay 
әртлә <(роолртела) энэ ун. SND “I 


*3oo4 ‘разви "^y 


2 Uto 19994 "Inf 7, 
з а “ “ 
Р “ “ « 









5 sojuumu nb əusodxy 





дәл ШЕЛІ) MIT 


СА 
O00 
te 
oon 
ce 
[ILLI 


000 
өсі 
ng 
се 
ос 
tg 
“1 
П 
| el 
| 000 


(OU 


el 





aqua 
| эшро] 








сарподәз ит 


| 





| 


It 
) 


4 


ot 
16 
Jc 
St 
hi) 





| '839482p. 


ш 
&yprov 





"bru 00 1109 "Ef хх чау, 


344 "ERMICIDAL ACTIVITY OF EUCALYPTUS OILS, ìl., 


Certain text-books give the coellicient of the oll of Æ. globulus 
as about 4. Martindale* emulsified the oils of №. ylobulas aud of 
E. amyydalive in a solution of soap, and, taking the average of 
the coelficients at two and at thirty minutes, found them to be 
2:55 and +35 respectively. As soap, however, is itself a disinfec- 
tant, it is probable that these numbers are high. Cavel®, working 
with the bacteria from a septic cyst, determined the maxinium doses 
of essential oils, dissolved in acetone or alcohol, necessary to pro- 
hibit growth in infected media. Essence of Iucalyptus was lethal 
ш 2-75 parts per 1,000, and phenol in 5-6 parts. This gives a 
phenol-coeflicient of about 2. 

According to Baker and Smith, №. ylobulas belongs to the same 
group of Eucalypts as Е. сшегеа and Б, Улт, the rectified oils 
of which have пой coefficients. [Cis curious that, while the rectitied 
oils of these trees are among the most efficient, the crude oils are 
among the least, judging by the coelficients at the end of the firsi 
hour. Even at the eud of 30 minutes, whieh is, L think, а fair 
period for purposes of comparison, the same holds. 

We are led to believe that the rectification of an oil, such as 
those that were tested, gives us а product coutaining a higher 
proportion of cineol. It is, therefore, strange (о find that one of 
the samples of А. cinerea and one of Е. polybractew have a lower 
coetlieient than eineol. In the case of №. polybracted, rectification 
appears to have removed the high boiling aromadendral from the 
lower boiling ceineob and pinene; the sample gave the coefficient. of 
a mixture of 207 of cineol and 507 of pinene. 

Cuthbert Hall, from his observations upon the bebaviour of the 
oils towards iodide of starch paper, considered that the ozone 
content of the oils was au index of their germicidal power. 1 
showed that this did not hold for the Eucalyptus oils when they 
were dissolved in olive oil. With regard to the iodide of starch 
reaction and the activity of the oils when emulsified in water, there 
does appear to be some relation when individual oils ave cou- 
sidered. The three specimens of rectified oil of Е. cinerea, and 





* Abstr. Journ. Soc. Chem. Ind., 1910, 1470. 
t Compt. Rend., (20), 21/5/18, p.827. 
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the three ские oils of the same species have their phenol-coellici- 
ents inversely as their iodide of starch tunes. The acidities do not 
show any such order. But when we take the oils as а whole, we 
find that there is по relation, indeed in view of the high germicidal 
power of arumadendral, we are driven to the conclusion that the 
chemical constituents of the oils, exclusive of any oxidising body, 
ire (he sources of the germicidal substances, aud determine the 
disinfecting etlicieney. The hydrolysis of the esters and the oxida- 
tion of the resulting alcohols is undoubtedly the reason Lor the 
enhanced. еШеіепеу of the older oils. 

As disinfectants, Ше rectified oils do not appear very promising. 
The older oils olf И. cinerea are certainly good, but those recently 
distilled ave uot. The rectified oil of №. pelybracted is compara- 
tively poor, while E. Уши! із good. 

With regard to the crude oils, the question of the price comes 
ш. Mr. Ц. G. Smith informed ше that at the end of the year 1915, 
the oils of Е. cueorifotie, №. polybracteu, and Е. cinerea cost 
from ls. to 15. 3d. per №. at the sill, The oll of Е. uustruliana, 
Ist hour, cost 15. to 15. 2d., and of Е. dives and №. australiana 
(Braidwood), cd. to 84. Rectificatton would add abont 2d. per №. 
(о these figures. "hus the two most effective crude oils, E. спеоғі- 
folia and E. australiana (Braidwood) cost about 15, od. and 714. 
each per Ib, respectively. Е. australiana (Braidwood) is thus the 
cheaper, and, at the same time, the better disinfectant. It is quite 
a pleasant oil to work with. aud, although containing phellandrene, 
it has not the stieky character of the oil of Æ. dives. 

On account of the difficulty of maintaining an emulsion witli 
water, these oils will probably uot displace the tar-products, which 
are шөге easily emulsified when in strong dilutious. But there 
are situations in which the use of the Eucalyptus oils would 
be preferable. The disinfection ot the walls of a room, Lor 
example, by spraying, is a case in which a Kucalyptus oil, such as 
E. australiana (Braidwood) could be recommended. The ой has 
а phenol-coefficient of 5.8, and a dilution of 1:600, destroys Л. coli 
communis in half-an hour. An emulsion of, say, 1:400 does not 
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separate readily, and it is more efficient than a 1:80 solution of 
phenol. As it is at least tive times more effective thau phenol, and 
very much cheaper, it should find considerable use in spraying 
rooms and in disinfecting clothing or such materials as are free 
from oils or fatty substances, in which the Eucalyptus oil is more 
soluble than in water. The necessity l'or the use of water іш con- 
junction with the undiluted oils has already been emphasised, 

Summary- The Eucalyptus oils are irregular in their action 
upon В. coli communis, and duplicate experimeuts may show a 
considerable amount of variation. 

Cineol begins to act im about a nunute and a half; phenol acts 
instantly. 

The curves o£ cineol and phenol cross in five minutes with a 
dilution of 1:75 at 209. 

The phenol coefficient of cineol in 15 minutes at 209 is 3:1; it 
rises to 3-4 in 30 minutes, and then slowly declines to 2:8 in 4 hours. 

Aromadendral is the most active of the constituents of the oils. 
The plienol-coeffieient is 21-1 in 30 minutes. 

The next most active is piperitone (41), and possibly phellan- 
drene. 

Pinene and sesquiterpene are low (0:8 to 0:5). 

The rectified oils of E. cinereu aud E. Smithii are more elficient 
Шан the erude oils. 

Іп the case of the oil of E. cinerea, this appears to be due to tlie 
hydrolysis of the esters and the subsequent oxidation of the 
alcohols to aldehydes. 

"Treatment with alkali did not reduce the efliciency of the acid, 
rectified oil. 

‘The addition of acetic acid to the crude oil doubled Ше germi- 
cidal power in the course of 34 months. 

The germicidal activity of the rectified aud crude oils of М. 
сіпеген is proportional to the starch-iodide reaction, and not to 
the acidity, but this does not hold for the oils as a class. 

The rectified oil of Ж, polyhracted is less efficient than the crude 
oil. 
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This may be due to the elbuinatton of aromadendral during 
rectilivation. Е 

The oil of the Braidwood variety o£ E. australiana is the best 
and cheapest disinfecting oil (phenol-coetlieient = 5:8. in 30 
miuntes.) 

The oil of E. cneorifolia was the second best crude vil tested 
(phenol-coetlieient = £8 in 30 minutes); its activity is probably 
due to its aromadendral content. 

As in the case of phenol, the additton of acid tu the water used 
in emulsifying the oils greatly increases the germicidal activity. 

I Вахе to acknowledge the kindness of Messrs. Baker aud Smith, 
of the Technological Museum, in supplying me with specimens of 
the oils, of Mr. Н. G. Smith in giving details connected with the 
oils, aud of Mr. W. W. L’Estrange iu giving much valuable 
assistance, 


